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Abstract 
Data on the seasonal variability of the quality and quantity of zoo- 
plankton are presented for the shallow eutrophic Darss-Zingst estu- 
ary. These data are the result of a monitoring programm from 
1969-1995. Copepods and rotifers were the main components of the 
biomass.They showed a pattern of seasonal fluctuation which re- 
mained unchanged during the whole period of investigation. 
Copeods were dominant in spring and autumn and had their maxi- 
mum in summer. Considerable biomass peaks of cladocerans were 
observed only in some years in connection with low salinities and 
high temperatures. A peak of meroptanktic larvae of poychates was 
observed in late autumn since 1989. Copepods were inversily corre- 
lated with the pH-value. An inverse correlation was also found be- 
tween rotifers and water temperature. 
Introduction 
Due to the absense of tides the shallow lagoons and bays of 
the Southern Baltic are unique brackish habitats. These ele- 
ments of the coastal landscape are influenced by multifunc- 
tional human exploitation, i.e., fishery, recreation, agriculture 
and waste disposal. They also play a role as a buffer against 
the nutrient load which comes from the rivers into the Baltic. 
To improve the understanding of such ecosystems of this kind 
the late WERNER SCHNESE began a long-term monitoring pro- 
gramm in the Darg-Zingst estuary in 1969 with special em- 
phasis on plankton (SCHIEWER 1990). This paper presents re- 
sults on monthly means of the zooplankton biomass for the 
27-year period from 1969 to 1995. Data for shorter periods 
are already published in earlier papers (SCHNESE 1973, 1975; 
SCHNESE & HEERKLOSS 1978; HEERKLOSS et al. 1985, 1991a, 
b; HEERKLOSS & SCnNESE 1995; HEERKLOSS & ADAM- 
KIEWICZ-CHOJNACKA 1995). Owing to the longer period of 
observation it is now possible to present a more comprehen- 
sive picture of long-term trends and correlations. 
Area of investigation and sampling method 
The Darss-Zingst Estuary (54 ° 25'N, 12 ° 44'E, mean depth 
2.0 m, area 196.8 km 2) is a chain of shallow lake-like waters 
with a narrow connection to the Baltic Sea. The salinity in- 
creases from 1 g/1 in the inner part to around 10 g/1 near to the 
open Baltic. The estuary is severely eutrophic. The pH-value 
increases to more than 9.5 in early summer. Chlorophyceans 
and cyanobacterians dominate the phytoplankton. The Sec- 
chi-depth is 20-50 cm. The monitoring was carried out at 
site which was located in the central part of the estuary, 
where salinity varies between 3.5-8.5 g/1 (Fig. 1). The sam- 
pling depth was 0.5 m. Standard methods were used for 
counting and biomass calculation. Samples were counted 
under an inverted microscope according to UTERMOHL 
(1931). The equivalents of the body volume of individuals 
used for the calculation of the biomass are given in HEER- 
KLOSS et al. (1991). The seasonal variation in body size of the 
Copepods was taken into account by measuring the body 
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Fig. 1. Routine zooplankton sampling stations in the Darss-Zingst 
estuary. 
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length of the copepodid and adult stages for each sample sep- 
arately. 2-3 samles were taken per month. The total number 
of samples investigated was 950. 
Results and Discussion 
The mean monthly biomasses for the period 1969-1995 are 
shown in Figs. 2, 5 and 8 for the three subgroups "Calanoid 
copepods", Rotifers" and "Other zooplankton". 
The biomass of the calanoid copepods (Fig. 2) showed a 
characteristic seasonal variation with a distinct spring peak in 
April and May accounted for largely by the genuine brackish 
water species Eurytemora ffinis. A second, less distinct peak 
was sometimes observed in late summer. During this period 
E. affinis was accompanied byAcartia tonsa, another species 
that is typical of brackish waters. The spring peak has de- 
clined since the early eighties, probably, owing to an increase 
in eutrophication during the investigation period, due mainly 
to the growth of agricultural nutrient inputs (SCHIEWER 1995). 
High pH-values up to more than 9.5 have been observed from 
May to July since the late eighties (Fig. 3). The toxicity of 
these pH level for E. affinis was demonstrated xperimentally 
by RING et al. 1985). Our results also indicate a negative cor- 
relation between copepod biomass and the pH-value (Fig. 4). 
Some causal relationships for the decreasing trend of the 
spring peak size may also exist to changes in phytoplankton 
structure. The relative amount of cyanobacteria n the 
nanophytoplankton has decreased since the early eighties 
(WASMUND & BORNLR 1992). The picoplanktic yanobacteri- 
an species Aphanothece clathrata, which forms tiny colonies 
and is possibly a poor food source for the copepods, became 
important instead (SCHUMANN 1994). 
The copepod minimum in summer was accompanied bya 
mass development of rotifers (Fig. 5). The peak rotifer 
biomass in summer was sometimes even higher than the 
spring peak of the copepods. Four taxa predominated during 
this period as a rule: Brachionus quadridentatus, Filinia 
longiseta Keratella cochlearis f. tecta and Keratella cruci- 
formisf, eichwaldii. The data show considerable variability 
in the rotifer occurence, both with respect to the size of the 
peak biomass as well as with the shape of the curve of sea- 
sonal variation. The average rotifer biomass between May 
and September was inversely related to temperature (Fig. 7). 
Cold years showed a better otifer development. During hot 
years like those experienced since 1989 the water tempera- 
ture of the whole water body may rise up to more than 25 °C. 
The high temperatures probably do not have a direct, but an 
indirect, inhibitory effect on the rotifers, because the occur- 
rence of K. cochlearis and F. longiseta is known from 
biotopes with high water temperatures in subtropical reser- 
voirs and the cooling waters of power plants (TAYLOR & MA- 
HONEY 1988; VASCONCELOS 1994). 
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Fig. 2. Mean monthly biomasses ofcalanoid copepods inthe mid- 
dle part of the Darss-Zingst estuary. Dominant species: Eurytemora 
affinis, Acartia ronsa. 
Fig, 3. pH-value at the sampling point. Monthly means are calculat- 
ed from measurements performed daily at 8.00 a.m. Data provided 
by Dr. H. BAUDLER. 
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Fig. 4. Correlation between 
the mean biomass of the 
calanoid copepods in April, 
May and June 1985-1995 
and a parameter for the de- 
gree of alkalinity (ePrt-value). 
Correlation coefficient r z= 
0.359. 
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Fig. 5. Mean monthly rotifer biomasses inthe middle part of Darss- 
Zingst estuary. Dominant species: Filinia longiseta, Brachionus 
quadridentatus, Keratella cochlearis f. tecta, Keratella cruciformis 
f. eichwaldii. 
The taxa included in the category "Other zooplankters" 
(Fig. 8) are the cyclopoid and harpacticoid copepods, phyl- 
lopods and larvae of various benthic species. The biomass of 
this category was negligible in most years. However, mass 
developments of the phyllopod species Chydorus sphaeri- 
cus, Bosmina longbvstris and Pleopsis polyphemoides oc- 
curred immediately after the spring peak of the calanoid 
copepods during the periods 1970-1972 and 1979-1981. 
These years were characterized bylow mean salinities owing 
to the general climatic situation (Fig. 6). However, the salini- 
ty alone is not sufficient o explain the sporadic mass devel- 
opment of phyllopods, because no peaks of this magnitude 
were observed in 1984-87, when the mean salinity was at a 
similarly low level. In 1984-87 the temperature ached the 
lowest values recorded uring the 27-year sampling period. 
One may hypothesize that phyllopods prefer low salinity and 
high temperatures. Recently, in 1994-95 the salinity was 
similar to that 1970-71, and the temperature was even higher 
(Fig. 6), but nevertheless, no phyllopod peak was observed. 
The phyllopods may have been prevented in these years due 
to some additional influence, for instance the change in phy- 
toplankton structure or the rise of the pH-values. 
Since 1989, the appearance of another group has been ob- 
served besides the phyllopods. Massed developments of 
polychaete larvae have occurred each year in October, 
November and December. They are almost all of the same 
species, Marenzellaria viridis (BICK & BURCKHARDT 1989), 
which was accidentally introduced to the european coast 
from waters in North America. At this late time of the year 
the Darss-Zingst estuary still contains considerable amounts 
of phytoplankton biomass, usually above 10 ram3/1 (WAs- 
MUND & HEERKLOSS 1992). The conditions are therefore x- 
cellent for larval growth. 
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Fig. 6. Water temperature 
and salinity at the sampling 
point [from NCHLUNGBAUM 
et al. (1994) and Dr. H. 
BAUDLER, unpubl.]. Monthly 
means calculated from mea- 
surements performed daily at 
8.00 a.m. 
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Fig. 7. Correlation between 
mean biomass of the rotifers 
from May-September 1969- 
1995 and annual mean water 
temperature. Correlation co- 
efficient r2= 0.28. 
Conclusion 
The monitoring series on zooplankton i  the shallow estuary 
south of the Darg-Zingst peninsula is a study case on the 
long-term behaviour of non-tidal shallow coastal agoons 
typical of the southern Baltic coastline. It shows that the in- 
terannual variability is considerable, but that the basic pat- 
tern of the seasonal zooplankton development has been sta- 
ble for the copepods and rotifers. Within the group "Other 
zooplankton" a long-term trend was observed: The phyl- 
lopods have possibly completely disappeared from the sys- 
tem and, in connection with the invasion by a new species, 
meroplanktoc larvae became important. The establishment 
of the nature reserve "Vorpommersche Boddenlandschaft" in 
1990 led to a pronounced ecrease in the agricultural nutri- 
ent inputs (SCnIEWER 1995). The results for 1995 with a 
rather high copepod spring peak may be an indication of the 
recovery of the system. 
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Fig. 8. Mean monthly biomasses of the group "Other zooplankton". 
Summer peaks in 1969-1971 and 1979-1981 caused by phyllopods. 
Dominant species: Chydorus sphaericus, Bosmina longirostris, 
Pleopsis polyphemoides. Autumn peak in 1989-1995 caused by 
polychaete larvae. Dominant species: Marenzellaria viridis (Poly- 
chaeta, Spionidae). 
Zusammenfassung 
Ftir das flache eutrophe Astuargewasser stidlich der Halbinsel Darg- 
Zingst werden Ergebnisse eines 27-fithrigen Monitorings zur 
jahreszeitlichen Variabilit~t der Zooplanktonqualit~t und -quantitfit 
vorgestellt. Copepoden und Rotatorien bildeten die Hauptbiomasse- 
komponenten und zeigten wghrend des gesamten Untersuchungs- 
zeitraumes ein gleichbleibendes annuales Fluktuationsmuster. 
Copepoden dominierten im Frtthjahr und Herbst, w~ihrend ie Rota- 
torien verst~irkt im Sommer auftraten. In einigen Jahren kam es anch 
zur Massenentwicklung von Phyllopoden, deren Auftreten vermut- 
lich durch geringe Salzgehalte und hohe Wassertemperaturen b - 
dingt war. Seit 1989 wurden w~ihrend es Sp~itherbstes meroplank- 
tische Polychaetenlarven beobachtet. Eine gegenlaufige Korrelation 
zwischen pH-Werten und Copepoden sowie zwischen der Wasser- 
temperatur nd Rotatorien wurde beobachtet. 
ADAMKIEWICZ-CHOJNACKA, B. & HEERKLOSS, R. (1995): Inter-annu- 
al variation of rotifer biomass in two coastal lagoons of the south- 
em Baltic differing by degree of trophy. Hydrobiologia 313: 
345-350. 
BICK, A. & BURCKHARDT, R. (1989): First record of Marenzelleria 
viridis (Polychaeta, Spionidae) in the Baltic Sea, with a key to the 
Spionidae of the Baltic Sea. Mitt. Zool. Mus. Berlin 65: 237-247. 
HEERKLOSS, R. & SCHNESE, W. (1995): Long term monitoring of 
zooplankton in the bodden waters south of Darss-Zingst. In: J. 
KOHN & U. SCH1EWER (eds.), The future of the Baltic. pp. 55-62. 
Marburg. 
SCHNESE, W. & ADAMKIEWICZ-CI4OJNACKA, B. (1985): Biomasse 
der planktischen Copepoden in inneren Kfistengew~issern der 
stidlichen Ostsee. Wiss. Z. Univ. Rostock 34 (6): 26-29. 
- SCHNESE, W. & ADAMKIEWICZ-CHOJNACKA, B. (1991a): Influence 
of eutrophication seasonal variation of zooplankton biomass in 
shallow coastal lagoons of the Southern Baltic. Acta Ichthyol. et 
Pisc. 21: 67-76. 
- SCHNESE, W. & ADAMKIEWlCZ-CHOJNACKA, B. (1991b): Eutrophi- 
cation induced changes of zooplankton communities incoastal re- 
gions of the Baltic Sea. Int. Rev. ges. Hydrobiol. 76: 397-404. 
SCHIEW~R, U. (1990): WERNER SCHNESE and the development of
coastal waters ecology in Rostock, GDR. Int. Revue ges. Hydro- 
biol. 75: 1-13. 
- (1995): Inner coastal waters of the Baltic Sea - ecological status 
and links between ecology and economy. In: J. KOHN 8¢ U. 
SCHIEWER (eds.), The future of the Baltic. pp. 63-74. Marburg. 
SCHLUNGBAUM, G., BAUDLER, H. & NAUSCH, G. (1994): Die Darss- 
Zingster Boddenkette - ein typisches Flachwasser/~stuar an der 
stidlichen Ostsee. Rostock. Meeresbiol. Beitr. 2: 5-26. 
SCHNESE, W. (1973): Relation between phytoplankton a d zooplank- 
ton in brackish coastal water. Oikos, Suppl. 15: 28-33. 
- (1975): Estimation of plankton production in shallow inlets of the 
GDR Baltic coast line. Merentutkimusleit Julk 239:131-136. 
- & HEERKLOSS, R. (1978): Nutrition-biological studies on the zoo- 
plankton of boddens outh of the DarB-Zingst peninsula: Deter- 
mination of feeding and assimilation rates by use of 14C under 
field conditions. Kieler Meeresforsch., Sonderh. 4: 267-274. 
SCHUMANN, R. (1994): Zur Rolle des Pico- und Nanoplanktons im 
mikrobiellen Nahrungsgefiige der Darss-Zingster Boddenkette. 
Diss., Universitat Rostock. 
TAYLOR, B.E. & MAHONEY, D.L. (1988): Extinction and recoloniza- 
tion: Processes regulating zooplankton dynamics in a cooling. 
Verh. Internat.Verein.Limnol. 23:1536-1541. 
UTERMOHL, H. (1931): Neue Wege in der quantitativen Erfassung 
des Planktons. Verh. Intemat. Verein. Limnol. 5: 576-597. 
VASCONCELOS, V.M. (1994): Seasonal fluctuation of planktonic ro- 
fifers in Azibo Reservoir (Portugal). Hydrobiologia 294: 177-184. 
WASMUND, N. & BI3RNER, R. (1992): Phytoplanktonentwicklung i  der 
Darg-Zingster Boddenkette. Wasser und Boden 44 (10): 643-647. 
- & HEERKLOSS, R.(1992): Seasonal and longtenn succession i  a 
shallow coastal water of the southern Baltic Sea. Studia i Materi- 
aly Oceanol. 64: 203-213. 
Acknowledgements :  We thank Mrs. HELGA ALBRECHT, FRIEDEL 
FISCHER and SYBILLE MULLER for technical assistance in sample 
counting. 
Author ' s  address :  Dr. REINHARD HEERKLOSS, Department ofBiolo- 
gy, University of Rostock, Freiligrathstr. 7/8, D - 18051 Rostock, 
Germany; Fax: +49 / 381 / 4982011; e-mail: rh@bio3.uni-rostock.de 
Limnologica 29 (1999) 3 321 
